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Antisaccades are slower in peak velocity, more dysmetric, and longer in latency than prosaccades. This study used a novel visually
guided antisaccade task to determine how visual target presence aﬀects antisaccade metrics. The results showed that peak velocity
and endpoint error of visually guided antisaccades were more similar to prosaccades than to traditional antisaccades, whereas their laten-
cies were similar to those of traditional antisaccades. The velocity of prosaccades, and to a lesser extent that of antisaccades, were boost-
ed by the sudden appearance of a target. These results suggest that the lower velocity and increased dysmetria of traditional antisaccades
result from the absence of a visual target, but their longer latency is more likely a result of suppressing a prosaccadic reﬂex.
 2005 Elsevier Ltd. All rights reserved.
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The sudden appearance of a visual object often elicits a
saccadic eye movement. However, in addition to such visu-
ally guided prosaccades, both human and non-human pri-
mates can also make antisaccades, movements in the
direction opposite to a suddenly appearing visual stimulus
(Amador, Schlag-Rey, & Schlag, 1998; Bell, Everling, &
Munoz, 2000; Everling & Fischer, 1998; Hallett, 1978;
Munoz & Everling, 2004). The antisaccade task has been
used behaviorally to help understand the inhibition of
reﬂexive saccades, the spatial programming of the subse-
quent non-visually guided saccade, and the cognitive pro-
cesses necessary to potentiate or suppress saccadic
reﬂexes (Cherkasova, Manoach, Intriligator, & Barton,
2002; Edelman & Goldberg, 2001; Everling & Fischer,
1998). The task has been used by neurophysiologists to
study the role of brain areas in mediating these excitatory0042-6989/$ - see front matter  2005 Elsevier Ltd. All rights reserved.
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Munoz, 1999; Everling, Dorris, & Munoz, 1998; Everling
& Munoz, 2000). In addition, by dissociating visual stimu-
lus location from the saccade vector, the antisaccade task
can help determine the visual and motor speciﬁcity of sacc-
adic neural substrates such as the superior colliculus, fron-
tal eye ﬁelds, and lateral intraparietal area (Edelman &
Goldberg, 2001; Everling et al., 1999; Everling & Munoz,
2000; Gottlieb & Goldberg, 1999). Finally, the antisaccade
task has been used in both humans and monkeys to exam-
ine the role of cortical areas in the high-level cognitive pro-
cesses involved in the volitional control of action (Amador,
Schlag-Rey, & Schlag, 2004; Curtis & DEsposito, 2003;
Ettinger et al., 2005; Gaymard, Ploner, Rivaud-Pechoux,
& Pierrot-Deseilligny, 1999; Guitton, Buchtel, & Douglas,
1985; Pierrot-Deseilligny, Muri, Nyﬀeler, & Milea, 2005;
Schlag-Rey, Amador, Sanchez, & Schlag, 1997).
Antisaccades have metrical properties diﬀerent from
those of visually guided saccades. They have longer reac-
tion times, slower velocities and are more dysmetric than
saccades to a visual target (Amador et al., 1998; Bell
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ling, 2004; Smit, Van Gisbergen, & Cools, 1987). What
about the generation of antisaccades causes these diﬀerenc-
es? The traditional antisaccade task diﬀers from a prosac-
cade task not only in that a saccade toward a suddenly
appearing target must be suppressed, but also in that a
movement must be generated toward a location in which
no target is present. It is unclear how these diﬀerent aspects
of antisaccade generation contribute to the metrical prop-
erties of antisaccades, and whether diﬀerent metrics are
aﬀected by diﬀerent aspects. For example, one might spec-
ulate that suppressing a visuomotor reﬂex elicited by a
visual stimulus and generating a saccade in the opposite
direction may selectively increase saccade latency, but not
aﬀect velocity or increase dysmetria, while the lack of a
visual target may decrease saccade velocity and increase
saccade dysmetria, but not aﬀect latency.
In the three experiments described below, novel antisac-
cade tasks are used to help determine why metrics of tradi-
tional antisaccades diﬀer from those of prosaccades. We
contrast the metrics of latency, endpoint error, amplitude,
and peak velocity of these modiﬁed antisaccades with those
of traditional prosaccades and antisaccades.
In Experiment 1 subjects performed a ‘‘visually guided
antisaccade’’ task. This task was similar to the traditional
antisaccade task in that subjects were to look in the direc-
tion opposite to a suddenly appearing target, but unlike
the traditional task in that there was an additional visual
stimulus or marker located at the spatial goal of the antisac-
cade. This visual goal marker was ‘‘stable’’ in the sense that
it was present several hundred milliseconds prior to the sac-
cade (Gottlieb, Kusunoki, & Goldberg, 1998), rather than
suddenly appearing (see also Everling, Spantekow, Krapp-
mann, & Flohr, 1998; Fischer &Weber, 1998; Weber, Durr,
& Fischer, 1998). The main aim of this experiment was to
determine whether the presence of a visual goal marker
would enhance the metrics of antisaccades to resemble more
closely those of prosaccades. If antisaccades to the stable
visual goal marker have metrical properties similar to those
of prosaccades to a visual target, then we would conclude
that the lack of a visual stimulus at the antisaccade goal is
the origin of the metrical diﬀerences between traditional
antisaccades and prosaccades. On the other hand, if such
‘‘visually guided’’1 antisaccades have metrical properties
similar to those of traditional antisaccades, then generating
a saccade opposite the side of a suddenly appearing stimu-
lus is likely the origin of the diﬀerences between prosaccades
and traditional antisaccades.
The goal of Experiment 2 was to determine whether any
of the residual diﬀerences in velocity between prosaccades1 Note that by using ‘‘visually guided’’ with respect to antisaccades to
refer to their being made to a visual target, we are using the term in a more
strict sense than Van Gelder, Lebedev, and Tsui (1997) who deﬁned
‘‘visually guided antisaccades’’ as those being made away from a visua
target, in contrast to ‘‘memory guided antisaccades’’ made away from the
memorized location of a visual target.land visually guided antisaccades that we found in Experi-
ment 1 were due to the suppression of a saccadic reﬂex.
We assessed this by comparing the velocities of antisac-
cades made immediately after target appearance with anti-
saccades made after an instructed delay. We hypothesized
that the need to suppress a prosaccadic reﬂex response
would be maximal immediately after the sudden appear-
ance of the target, as that is when the transient visual
response is maximal in such brain areas as the superior col-
liculus (Everling et al., 1999). Therefore any diﬀerence in
velocity between such ‘‘immediate’’ antisaccades and
delayed antisaccades could be attributed to the eﬀects of
short-term reﬂex suppression.
Experiment 3s goal was to determine whether any of the
residual diﬀerences in velocity between prosaccades and
visually guided antisaccades that we found in Experiment
1 were due instead to the boosting eﬀects of a visual tran-
sient (related to the sudden appearance of the target) at the
goal of prosaccades. To do this we had subjects perform
delayed prosaccades—i.e., made some time after the occur-
rence of the visual transient (Fischer & Boch, 1981)—and
compared the metrics of these responses with those of tra-
ditional prosaccades and traditional and visually guided
antisaccades.
2. Methods
Six subjects 20- to 40-years old participated; two were
authors and four were naı¨ve to the purposes of this exper-
iment. Experiments were conducted under a protocol
approved by The City College/City University of New
York Medical School Institutional Review Board (IRB).
All six subjects performed Experiment 1 over two sessions.
Three of these six subjects also performed Experiments 2
and 3 over four sessions.
Stimuli were presented on a computer monitor at 85 Hz
controlled by the Vision Shell (Raynald Comtois) video
display software package running on a Macintosh G4.
Eye movement data were collected using video-based ocu-
lography (Eyelink II—SR Research) at a rate of 500 sam-
ples/s.
Subjects were seated comfortably at a distance of 60 cm
from the computer monitor. Each subjects head was stabi-
lized during the experiment by the use of a bite bar made
from a full-mouth dental impression and mounted on head
rest/bite bar system (ASL). Experiments were preceded by
a 9-point (3 · 3) eye movement calibration procedure. Sub-
jects sat in a room lit from above with ﬂuorescent light and
enclosed with a black curtain. The monitor had a low-re-
ﬂectance screen and care was taken to ensure that appara-
tus in front of the monitor were non-reﬂective. No
reﬂections were visible in the monitor.
2.1. Experiment 1
In the ﬁrst experiment, we examined whether changes in
antisaccade metrics result from the lack of a visual target.
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saccade and Traditional Antisaccade tasks, subjects ﬁrst ﬁx-
ated a central point at the center of an otherwise blank,
dark display. A green ﬁxation point indicated that a sac-
cade was to be made to the visual stimulus that was about
to appear (Traditional Pro) whereas a red ﬁxation point
indicated that a saccade was to be made in the opposite
direction with the same amplitude (Traditional Anti).
500–800 ms after the ﬁxation period began, the ﬁxation
point disappeared and a square ring (100 cd/m2) inner
width: 0.5; outer width: 1.0 appeared 15 either to the left
or right of the ﬁxation point, at which point the saccade
was to be made. In Traditional Antisaccade trials a small
square (0.25 · 0.25) appeared at the required spatial goal
of the antisaccade after the end of the saccade. This rein-
forcing stimulus helps reduce saccadic dysmetria (Opris,
Barborica, & Ferrera, 2003) (Fig. 1). We performed this
manipulation because our primary aim was to compare
the velocities of saccades of similar vectors.
The second pair of tasks, the Pro hathanger and Anti
hathanger tasks, proceeded like the ﬁrst pair of tasks
described above, except that 50 ms after the ﬁxation point
ﬁrst appeared, two small squares of size (0.25 · 0.25,
100 cd/m2), which we will refer to as ‘‘hathangers’’ (in
that they are small persistent ‘‘objects’’ on the computer
display that can serve as targets of a movement, just as
a hathanger on a wall serves as a place for hanging ones
hat) appeared at the two possible target locations ﬂanking
the ﬁxation point by 15. After the subject looked at the
ﬁxation point for 500–800 ms, the ﬁxation point disap-
peared and a square ring of the same dimensions as in
the Traditional tasks appeared surrounding one of the
already-visible squares. As in the tasks above, a green ﬁx-
ation point instructed the subject to make a prosaccadeFig. 1. Temporal and spatial schematics for the four tasks used in
Experiment 1. Black and white are reversed on this ﬁgure; subjects viewed
white targets on a black screen. The ﬁxation point was green in the
prosaccade trials and red in the antisaccade trials. In the hathanger task
two small squares were present 15 left and right of the ﬁxation point.
There was a variable delay of 500–800 ms between the appearance of the
ﬁxation point and the appearance of the square ring.(toward the ﬂashed ring surrounding the small square),
whereas a red ﬁxation point instructed the subject to
make a saccade to the square opposite to where the
square ring appeared (Fig. 1). We will refer to the sac-
cades elicited in the Anti Hathanger task as ‘‘visually guid-
ed antisaccades.’’
We also added a ﬁfth task, the Control Prosaccade
task. Antisaccades are more dysmetric than prosaccades
(Hallett, 1978; Krappmann, Everling, & Flohr, 1998; Smit
et al., 1987), and since velocity varies with amplitude, a
comparison of saccade velocities across tasks is only valid
if saccade amplitude has been taken into account. In this
task, saccades were elicited to targets at 10, 12, 14, or
16 to the left or right. Data from this task were then
used in the analysis of the data from the other tasks to
normalize saccade velocity with respect to amplitude
(see below).
Data were collected for each subject from two sessions.
For each experimental session, trials were run in blocks of
24 trials for the Control Prosaccade task (three trials at
each of the eight possible target locations), and 20 trials
for the other tasks (10 saccades left, 10 saccades right, in
random order). Trial type was held constant within a
block. Experiments consisted of 18 blocks, beginning with
one block of the Control Prosaccade task, then four blocks
each of the other four trial types, with the order counter-
balanced across a session, and ending with a ﬁnal block
of the Control Prosaccade task.
2.2. Experiment 2
In Experiment 1 we found that, while prosaccades and
antisaccades in the hathanger tasks had peak velocities
more similar to control prosaccades than control antisac-
cades, hathanger antisaccades still had slightly lower peak
velocities than control prosaccades. In experiment 2 we
examined whether these slightly slower velocities of visually
guided antisaccades were a result of a transient reﬂex sup-
pression operating immediately after the sudden appear-
ance of the visual stimulus. This experiment consisted of
six trial types. Four were used in Experiment 1: Pro hat-
hanger, Anti hathanger, Traditional Anti, and Control Pro
Saccade. The two new conditions were two delayed antisac-
cade tasks, in which subjects made an antisaccade after an
instructed delay. In the Delayed Anti hathanger task, the
trial began like the Anti hathanger task described above,
except that the square ring appeared for only 200 ms, and
the ﬁxation point remained on for additional 750–
1000 ms after the disappearance of the square ring. Sub-
jects were required to make a saccade to the hathanger
opposite the location of the ﬂashed square ring, but only
after the disappearance of the ﬁxation point. The Delayed
Traditional Anti task was identical to the Delayed Anti hat-
hanger task, except that, as in the Traditional tasks, no hat-
hangers appeared (Fig. 2) (Gottlieb & Goldberg, 1999). As
in Experiment 1, targets appeared 15 left or right of the
ﬁxation point.
Fig. 2. Temporal and spatial schematics are shown for the two additional
tasks used in Experiment 2. Both were delayed antisaccade tasks. The
ﬁxation point appeared red in both tasks. There was a variable delay of
700–1000 ms between the disappearance of the ﬂashed ring and the
disappearance of the ﬁxation, which served as the cue to initiate the
saccade. In the traditional delayed antisaccade task (bottom), a small spot
appeared at the goal of the antisaccade after the saccade had landed.
Other conventions as in Fig. 1.
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Contrary to our hypothesis, Experiment 2 showed that
delaying antisaccades did not increase their velocity. We
thus tested whether instead the sudden appearance of the
target was responsible for the higher prosaccade velocities
of Experiment 1. Subjects performed a Delayed Prosaccade
task (Fischer & Boch, 1981), in which a central ﬁxation
point appeared, followed 100 ms later by a peripheral target
15 left or right of the ﬁxation point. Subjects were required
to maintain ﬁxation until the ﬁxation point disappeared
700–1000 ms after its appearance. Subjects then had
400 ms to initiate a saccade to the target. Subjects also per-
formed Traditional Prosaccade, Traditional Antisaccade,
Antisaccade with Hathangers, andControl Prosaccade tasks.
2.4. Subject instructions
In the tasks requiring an immediate response subjects
were instructed to give ﬁrst priority to following the instruc-
tion (prosaccade or antisaccade), and second priority to
making the saccade with as short a reaction time as possible.
In the delayed saccade tasks subjects were instructed tomake a saccade in the correct direction as quickly as possi-
ble once the central ﬁxation point disappeared.
2.5. Data analysis
2.5.1. Calculation of saccade velocity
Radial saccade velocity traces were computed to deter-
mine peak velocity as well as to assess saccade latency.
Velocity waveforms were calculated by ﬁrst computing a
radial eye position from the horizontal and vertical eye posi-
tion traces using the Pythagorean theorem. Next the radial
position trace was digitally ﬁltered using a 5th order Butter-
worth low-pass ﬁlter with a cutoﬀ of 100 Hz implemented in
Matlab (Mathworks). Finally, this ﬁltered trace was digital-
ly diﬀerentiated. The root mean square error of the velocity
trace was generally less than 3/s during ﬁxation.
The curvature of the saccades (all directed to points on
the horizontal meridian) was found to be very low and very
similar for the diﬀerent saccade tasks. A reanalysis of the
data using just the horizontal component of the eye veloc-
ity trace yielded virtually identical results.
2.5.2. Measurement of saccade latency and endpoint
The following algorithm for determining saccade latency
was implemented inMatlab: the trace around the time of the
cue to make a saccade (either target appearance or ﬁxation
point disappearance—see below)was examined todetermine
the ﬁrst point atwhich velocity exceeded 25/s.Next the trace
was evaluated backward in time until the ﬁrst point below
5/s was found. Latency was calculated as the diﬀerence in
time between this point and the appearance of the saccade
target. The end of the saccade was determined in an analo-
gous manner. Only the primary saccade was analyzed.
2.5.3. Normalization of saccade velocity
To examine how saccade velocity depends upon trial
type, we normalized for saccade amplitude by computing
a velocity index for all saccades in our data set. To calculate
this index we ﬁrst calculated the dependence of peak veloc-
ity on saccade amplitude (or saccade ‘‘main sequence,’’
Bahill, Clark, & Stark, 1975) for all Control prosaccade tri-
als in all of our data sets by regressing peak velocity against
saccade amplitude to ﬁt a rising and saturating ﬁrst-order
exponential curve (Becker, 1989)
V peak ¼ V max  ð1 expðk  AÞÞ;
where Vpeak and A are the peak saccade velocity and ampli-
tude, and Vmax and k are parameters determined by the
regression. The velocity index for each saccade, i, in our
data set was then calculated:
velocity indexi ¼ V peak iV maxð1 expðk  AiÞÞ ;
where Vpeak_i and Ai are the peak velocity and amplitude of
each saccade. Therefore, a saccade with a velocity faster
than that of the main sequence for a given amplitude would
have a velocity index greater than one, whereas a saccade
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velocity index of less than one.
2.5.3.1. Endpoint error. We quantiﬁed the level of saccade
dysmetria, by measuring the level of saccade endpoint
error, calculated as the magnitude of the vector extending
from the target location to the saccade endpoint.
2.5.3.2. Statistical tests. First, to examine eﬀects of saccade
task on saccade metrics across all subjects in Experiment 1,
we conducted a one-factor ANOVA test on means for each
task for each subject. Second, for all experiments we con-
ducted one-factor ANOVAs on individual subjects with
task as a factor using data for each saccade. In both cases,
ANOVA tests were followed by multiple comparisons using
the Tukey–Kramer procedure. All ‘‘signiﬁcant diﬀerences’’
not otherwise noted are statistically signiﬁcant at a < 0.05.
Statistical correlations were computed using the Pearson
linear correlation coeﬃcient implemented in MATLAB.
3. Results
3.1. Experiment 1
3.1.1. Saccade velocity
There was an eﬀect of task on the mean normalized peak
velocity across the six subjects (F = 7.5, p < 0.0015).Fig. 3. (A) Mean radial peak velocity traces from data for the four tasks of
velocity data for the four tasks of Experiment 1 are shown for each of six su
deviation across all subjects for each of the four tasks. Visually guided antisa
prosaccades than to traditional antisaccades.Visually guided antisaccades had higher velocities than tra-
ditional antisaccades, while the peak velocities of prosac-
cades depended little on whether a hathanger was present
(Pro hathanger task, 1.01), or not (Traditional Pro task
0.99). Visually guided antisaccades (Anti hathanger task)
had normalized peak velocities (0.98) that were more sim-
ilar to those of prosaccades than to those of traditional
antisaccades (Traditional Antisaccade task), which had
velocities that were about 10% slower (0.90) (Fig. 3).
These results were consistent across subjects. 6/6 had
higher peak velocities for visually guided antisaccades than
for traditional antisaccades. Moreover, for all six subjects,
mean normalized velocity of the visually guided antisac-
cades was closer to the average of the mean values in the
two prosaccade tasks than to the mean of traditional
antisaccades.
The conclusion from these data is that peak velocity is
more dependent on the presence of a visual target at the
saccadic goal than on whether the movement is a prosac-
cade or an antisaccade. This suggests that the lower peak
velocities of traditional antisaccades result mainly from a
lack of a visual stimulus at the saccadic goal.
However, there was still an overall trend for visually
guided antisaccades to be slower than those of prosaccades
(0.98 vs. 1.0). Three of the six subjects had visually guided
antisaccade peak velocities that were signiﬁcantly slower
than those of movements recorded in each of the two pro-Experiment 1 are shown for two subjects. (B) Normalized peak saccade
bjects and the average of six subjects. Error bars show average standard
ccades (Antisaccade hathanger task) were more similar in peak velocity to
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peak velocities that were slightly yet signiﬁcantly higher
(3%) than those of prosaccades while two subjects had
prosaccade and visually guided antisaccade velocities that
were not signiﬁcantly diﬀerent (Fig. 3).
Finally, we found that the normalized peak velocity of
visually guided antisaccades was lower for those subjects
whose peak velocity of traditional antisaccades was also
low. There was a strong positive correlation between aver-
age normalized peak velocity for traditional antisaccades
vs. visually guided antisaccades across the six subjects
(r = 0.88, p < 0.01).
3.1.2. Endpoint error
There was a signiﬁcant dependence of mean endpoint
error on task across the six subjects (F = 5.3, p < 0.006),
with endpoint error greater for traditional antisaccades
(mean across all subjects: 1.79) than for saccades in the
three visually guided tasks (mean across all subjects for
the other three tasks: 0.98, Fig. 4). As was the case for sac-
cade velocity, these results were consistent across subjects,
with ﬁve of six subjects showing statistically signiﬁcant dif-
ferences between endpoint error for the traditional antisac-
cades and each of the visually guided saccade types.
Traditional antisaccades tended also to be more hypo-
metric than saccades in the other three tasks. Once again,
there was a signiﬁcant eﬀect of task on mean amplitude
across all six subjects (F = 8.8, p < 0.007). Average saccade
amplitude for traditional antisaccades was 13.8, compared
to values of 14.8, 14.9, and 14.9. for the visually guided
antisaccades, traditional prosaccades, and prosaccade hat-
hanger saccades, respectively. Average saccade amplitude
of traditional antisaccades was signiﬁcantly lower than
each of the three other tasks for all six subjects.Fig. 4. Saccade endpoint error data for the four tasks of Experiment 1 are
shown for each of six subjects and the average of six subjects. Error bars
show average standard deviation across all subjects for each of the four
tasks. Visually guided antisaccades were more similar in endpoint error to
prosaccades than to traditional antisaccades.As with peak velocity, these data suggest a primary role
for the lack of a visual stimulus at the antisaccade goal in
generating the large errors of antisaccades.
3.1.3. Saccade latency and directional error
In contrast to the results for saccade velocity, endpoint
error and saccade amplitude, saccade latency depended
more on whether the movement was a prosaccade or an
antisaccade and less on the presence of a visual stimulus
at the saccade goal. Across all subjects, latencies were long-
er for antisaccades, regardless of whether they were made
to a visual target or not. Overall, there was a signiﬁcant
dependence of mean latency on task across all six subjects
(F = 18.4, p < 0.0001). The presence of hathangers tended
to increase the latency of prosaccades slightly (164 ms vs.
141 ms), while having virtually no eﬀect on antisaccade
latencies (209 ms vs. 206 ms, Fig. 5). Again, this result
was consistent across subjects: for all six subjects, saccade
latencies in each of the two antisaccade tasks were longer
than latencies in each of the two prosaccade tasks. For four
of the six subjects, latency was shorter for saccades made in
the prosaccade hathanger task than in the traditional pro-
saccade task. Overall, unlike the case with velocity, end-
point error, and amplitude, the increased latencies of
antisaccades do not appear to be related to the lack of a
stimulus at the antisaccade goal, but instead result from
the suppression of a reﬂexive prosaccade, the generation
of a saccade, or both, requirements that both antisaccade
tasks shared.
Like saccade latency, the percentage of directional
errors (i.e., making a prosaccade in an antisaccade task
and vice versa) was higher in the antisaccade tasks thanFig. 5. Saccade latency data for Experiment 1 shown for each of six
subjects and the average of six subjects. Error bars show average standard
deviation for saccade latency data across all subjects for each of the four
tasks. Visually guided antisaccades were more similar in latency to
traditional antisaccades than to prosaccades.
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of hathangers. Directional errors were rare in the hathang-
er (5.2%) and (4.9%) traditional antisaccade tasks, and vir-
tually non-existent in the hathanger prosaccade task (0.9%)
and traditional prosaccade task (0.9%).
3.1.4. The relation of saccade velocity and latency
The saccade velocity results suggest that since antisac-
cades to a visual stimulus have velocities more similar to
prosaccades than to conventional antisaccades to blank
space, it is the lack of a visual target that causes the low
velocity of antisaccades. However, this does not entirely
exclude the possibility that velocity depends on reaction
time. It may be that reﬂexive visuomotor activity may have
its strongest impact on antisaccade generation when laten-
cies are short. This would translate to a positive correlation
between normalized peak saccade velocity and saccade
latency within the task. However, we did not ﬁnd a positive
correlation between saccade velocity and latency for visual-
ly guided antisaccades, neither within each subject, nor
(using the mean data for each subject) across all subjects.
Indeed, we found weak negative correlations between peak
saccade velocity and latency for visually guided antisac-
cades for all six subjects (0.42 < r < 0.06), values that
were statistically signiﬁcant for three subjects. This is sim-
ilar a previous description of weak negative correlations
between latency and peak velocity for prosaccades in nor-
mal subjects (Ramchandran et al., 2004). Similarly, there
was a trend for negative correlations between saccade
amplitude and velocity for traditional antisaccades
(0.52 < r < 0.05) with the values signiﬁcantly negatively
correlated in four of the six subjects.
3.2. Experiment 2
Experiment 1 showed that the peak velocities of visually
guided antisaccades were more similar to those of prosac-
cades than to those of traditional antisaccades. This impli-
cates the lack of a visual target rather than reﬂex
suppression as the main cause of the reduced velocities of
antisaccades. However, there was a trend for the velocities
of visually guided antisaccades to still be slightly slower
than those for prosaccades. Our saccade velocity vs. laten-
cy analysis above showed velocity was not lower for shorter
latency antisaccades, for which the inhibitory impact of a
transient ﬂash of a target would be more signiﬁcant. This
further suggests that the slightly lower velocity of visually
guided antisaccades observed in Experiment 1 was not a
result of the necessity of suppressing a reﬂexive prosaccade.
However, our failure to ﬁnd such a correlation does not put
this issue completely to rest, since the range of saccade
latencies in our data set was rather small. Indeed, Ram-
chandran et al. (2004) showed little change of antisaccade
velocity with increased latency over the range of latencies
that we observed here (130–230 ms).
In addition, in Experiment 1 we found a striking positive
correlation between mean normalized peak velocity in thevisually guided antisaccade task with that in the traditional
antisaccade task across subjects. This raises the possibility
that the relatively high peak velocity values for visually
guided antisaccades might be due in part to a ceiling eﬀect
for several of the subjects. Since such a ceiling eﬀect might
mask an eﬀect of reﬂex suppression on peak velocity, we
conducted a second experiment addressing a possible rela-
tionship between saccade velocity and reﬂex suppression
using only the three subjects (NN, OO, and SS) in which
the ceiling eﬀect was least evident (normalized peak veloc-
ities of traditional antisaccades <0.9).
In this second experiment we compared the peak veloc-
ities of antisaccades made immediately after a target
appears with antisaccades made after an instructed delay.
Such delayed saccades would be made long after the tran-
sient visual activity caused by the ﬂash of the ring contra-
lateral to the saccade goal would have died down. If the
slightly lower velocities of visually guided antisaccades of
Experiment 1 are a result of reﬂex suppression, then sac-
cade velocities should be higher when the movement is
delayed, since there would be less need to suppress a reﬂex-
ive prosaccade while simultaneously programming an anti-
saccade. Moreover, this delay could potentially have an
equally strong eﬀect on traditional non-visually guided
antisaccades.
However, the results showed, if anything, an opposite
pattern. The mean value of normalized peak velocity of
visually guided delayed antisaccades across the three sub-
jects was lower (0.93) than those of visually guided antisac-
cades made immediately to a suddenly appearing target
(0.96). This diﬀerence was statistically signiﬁcant for two
of the three subjects, with the same trend in the third sub-
ject. The velocities of antisaccades made to blank space
were virtually the same whether they were delayed or made
immediately after target appearance (mean value: 0.85).
Finally, again we found that prosaccades had the highest
velocities (0.99) (Fig. 6).
3.3. Experiment 3
The data from Experiment 2 showed that slightly lower
peak velocities of visually guided antisaccades relative to
prosaccades are not due to reﬂex suppression. However,
the eﬀect of the visual transient may be to boost velocities
of prosaccades, rather than to reduce velocities of antisac-
cades. To test this we ran a ﬁnal experiment using a delayed
prosaccade task. If the transient appearance of a stimulus
at the saccade goal just prior to the eye movement is an
important determinant of saccadic velocity, delayed pro-
saccades would have reduced velocities compared to non-
delayed prosaccades, and might have similar velocities to
our visually guided antisaccades, which are also made to
stable visual targets that lack a visual transient at the sacc-
adic goal.
This is indeed what was found (Fig. 7). Mean peak
velocity of delayed prosaccades across the three subjects
was smaller (0.93) than that for prosaccades made immedi-
Fig. 6. Normalized peak saccade velocity data for Experiment 2 shown
for three subjects and the average of the three subjects. Data point labeled
‘‘Pro’’ corresponds to data from the Prosaccade/no hathanger task. Error
bars show average standard deviation for normalized peak velocity data
for each of the ﬁve tasks across all subjects. Velocities tended to be slower
in the delayed visually guided antisaccade tasks.
Fig. 7. Normalized saccade velocity data for Experiment 3 shown for
three subjects and the average of the three subjects. Error bars show
average standard deviation for normalized peak saccade velocity data for
each of the four tasks across all subjects. Overall, velocities in the delayed
prosaccade task were lower than in the pro and antisaccade tasks that
required an immediate response.
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of visually guided (0.95) antisaccades. Indeed, mean veloc-
ity of delayed prosaccades was lower than those of visually
guided antisaccades for all three subjects, with a diﬀerence
reaching statistical signiﬁcance for two of the three sub-
jects. Traditional antisaccades were much slower (mean:
0.86) than saccades in the other three tasks for each of
the three subjects.
Finally, to gain additional insight into how saccade
latency depends upon whether the saccade is made to asuddenly appearing stimulus, we examined saccade latency
in the prosaccade and antisaccade tasks, including the
delayed prosaccade task, in which we deﬁned latency as
the interval between when the ﬁxation point disappeared
(the temporal cue to make the saccade) and when the sac-
cade began. The values obtained for mean latency across
the three subjects were 148 ms for traditional prosaccades,
168 ms for the delayed prosaccades, and 216 and 210 ms
for the visually guided and traditional antisaccades, respec-
tively. Traditional prosaccades were statistically shorter in
latency than delayed prosaccades for two of the three sub-
jects, whereas for the third subject they were roughly equal.
The antisaccades in both tasks were longer in latency than
the prosaccades for all three subjects.
4. Discussion
These experiments provide evidence that the reduction
in velocity of traditional antisaccades results in large part
from the lack of the presence of a visual stimulus at the sac-
cade endpoint. Antisaccades to a visible target had veloci-
ties that were considerably higher than traditional
antisaccades and only slightly slower than traditional pro-
saccades (Fig. 3). Moreover, visually guided non-delayed
antisaccades were actually higher in velocity than visually
guided delayed antisaccades (Fig. 6) and had velocities
comparable, if not slightly higher than delayed prosaccades
(Fig. 7). The reverse would have been true if transient
inhibitory eﬀects of visual activity coding for a suppressed
prosaccade would lower antisaccade velocity. The endpoint
errors were also higher (Fig. 4) and saccade amplitudes
lower for traditional antisaccades than for visually guided
antisaccades and prosaccades, suggesting that saccade dys-
metria is minimized by the presence of a visual target at the
saccadic goal. In contrast, the latency of non-delayed sac-
cades was much more dependent on whether the task
required a prosaccade or an antisaccade, and little on
whether a visual target was present at the saccadic goal
(Fig. 5).
These results suggest that the metrical diﬀerences of tra-
ditional antisaccades are a result of diﬀerent factors. The
lower velocities and greater endpoint errors of antisaccades
appear to be a result of the lack of a visual target at the sac-
cade endpoint. In contrast, the longer latencies of antisac-
cades are not related to the absence of a visual target at the
goal, but from having to suppress a saccade reﬂex and then
generate a movement endogenously to a diﬀerent location.
4.1. Relation to previous psychophysical ﬁndings
These ﬁndings that saccade velocity is lower for antisac-
cades to blank space is in agreement with previous ﬁndings
for antisaccades (Amador et al., 1998; Edelman & Gold-
berg, 2001; Ohno, Matsuzaki, Yamada, Yoshida, & Shi-
mizu, 2000; Smit et al., 1987), as well for memory-guided
saccades (Edelman & Goldberg, 2001; Gnadt, Bracewell,
& Andersen, 1991; Ohno et al., 2000; Smit et al., 1987),
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Van Gelder et al., 1997). The lower saccade velocities
found for memory-guided and anticipatory saccades, com-
bined with our ﬁnding that visually guided antisaccades
have velocities similar to visually guided prosaccades, add
further support to the hypothesis that the lack of visual tar-
get presence at the saccade endpoint underlies the lower
velocity of traditional antisaccades.
However, our results suggest that there are two factors
other than visual target presence that aﬀect saccade veloc-
ity. The ﬁrst factor is whether a saccade is made to a target
that has just appeared. We found that saccades made
immediately to a suddenly appearing target have higher
velocities than saccades made to persistent targets in a
delayed task (immediate versus delayed prosaccades in
Experiment 3). This may not be so surprising, in that the
visual transient present in eye-movement related areas
resulting from a targets sudden appearance may endure
over the short period until an immediate saccade is made
(Everling et al., 1999), thereby boosting the excitatory drive
to brainstem premotor neurons. Indeed, such a result has
been shown previously in both humans and monkeys
(Edelman & Goldberg, 2001; Ohno et al., 2000).
The second factor, and a more surprising one, is that
velocities are higher for saccades made in response to the
sudden appearance to a visual stimulus, even if they are
directed somewhere else. This factor was evident in our
ﬁnding that ‘‘immediate’’ visually guided antisaccades were
higher in velocity than delayed antisaccades (Experiment
2). Such a ﬁnding was intimated by an earlier study in mon-
keys, in which antisaccade velocity was found to be higher
than the velocity of memory-guided delayed saccades and
similar to the velocity of visually guided delayed saccades
(Edelman & Goldberg, 2001). It is unclear why the sudden
appearance of a visual target could boost saccade velocity
when a saccade is not directed towards it. One possibility is
that the visual transient serves as a general alerting or
arousal mechanism that increases the drive to presaccadic
neurons in the brainstem. It is also possible that a compo-
nent of the velocity reduction in delayed tasks is a result of
more attention being paid to the central cue, whose disap-
pearance serves as the temporal cue to initiate the delayed
saccade, an attentional deployment not necessary in the
immediate saccade tasks.
The increase in saccade latencies found for both visually
guided and traditional antisaccades could be the result of
the need to suppress a reﬂexive prosaccade before pro-
gramming an antisaccade or of the extra time required to
generate a saccade opposite the ﬂash. There is recent evi-
dence that increasing the contrast of the suddenly appear-
ing stimulus in a traditional antisaccade task increases the
time it takes to saccade away from it (Kristjansson, Van-
denbroucke, & Driver, 2004). These same authors found
that saccades directed left or right by a symbolic cue pre-
sented at ﬁxation had latencies lower than those of antisac-
cades (Kristjansson et al., 2004). These ﬁndings suggest
that a component of the increased latency we ﬁnd for anti-saccades is a result of reﬂex suppression. That we found lit-
tle diﬀerence in saccade latencies between the traditional
and visually guided antisaccade tasks suggests that the cer-
tainty of target location in the visually guided antisaccade
task does not shorten antisaccade latency. However, our
results in Experiment 3 do suggest that a visual transient
at the goal might reduce the latency of prosaccades. Tradi-
tional prosaccades tended to be shorter in latency than the
delayed prosaccades (when measuring the latency of
delayed movements with respect to the disappearance of
the ﬁxation point), even though in the delayed prosaccade
task subjects could program their saccades several hundred
msecs before they had to make the movement, an advan-
tage not available to subjects when saccades had to be
made immediately to a target that appeared in an unpre-
dictable location.
4.2. Relation to neurophysiological ﬁndings
Saccades are generally preceded by a brief burst of
action potentials in areas such as the superior colliculus
and frontal eye ﬁelds (Goldberg & Colby, 1989; Goldberg
& Segraves, 1989; Sparks & Hartwich-Young, 1989). Sac-
cades to spatially distinct visual targets are generally
accompanied by greater neural activity than saccades to
blank space or to a featureless part of an object in the supe-
rior colliculus, regardless of whether these non-visually
guided movements are traditional antisaccades or memo-
ry-guided saccades (Edelman & Goldberg, 2001; Edelman
& Goldberg, 2003) (see also Everling et al., 1999). It is thus
likely that a vigorous presaccadic burst could mediate the
elevated velocities of visually guided antisaccades, just as
it does for other visually guided saccades. Our results pro-
vide support to the idea (Edelman & Goldberg, 2001) that
the previous ﬁndings of decreased presaccadic activity for
antisaccades in the frontal eye ﬁelds (Everling et al.,
1999; Everling & Munoz, 2000), and the lateral intraparie-
tal cortex (Gottlieb & Goldberg, 1999) are a result of a lack
of visual guidance of the saccade, rather than of the anti-
saccade task itself.
On the other hand, there is at present no clear evidence
for a neural substrate that underlies the diﬀerence we found
in velocity between saccades made in response to a sudden-
ly appearing target and delayed saccades. Previous record-
ings in the superior colliculus of monkeys have shown that
discharge is similar for immediate and delayed prosaccade
tasks, despite the fact that velocity was higher for immedi-
ate saccades (Edelman & Goldberg, 2001). The increased
velocity for saccades made immediately after a peripheral
target appears may result from a signal originating in the
frontal eye ﬁelds or other eye movement-related cortical
structures that bypasses the superior colliculus to reach
brainstem premotor neurons.
Recent work has shown that target-related activity in
the superior colliculus ipsilateral to the impending saccade
vector is strong in the antisaccade task, though it drops
dramatically close to the time of saccade onset (Everling
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in inhibiting antisaccade production, and its dissipation is
likely needed to allow the antisaccade to begin. A similar
drop-oﬀ in collicular activity corresponding to visual tar-
gets that will not be the target for the impending saccade
has been shown by McPeek and Keller (2002). By the time
of saccade onset, collicular activity is focused contralateral
to the saccade that is to be made. Presumably, a similar
dynamic of activity is present when antisaccades are made
to a visual target, thereby inhibiting saccade initiation and
increasing latencies approximately to the level seen for tra-
ditional antisaccades. The modest amount of activity
resulting from the presence of the stable visual target con-
tralateral to the saccade goal may explain why traditional
prosaccades had slightly shorter reaction times than pro-
saccades in the hathanger task.
5. Conclusions
Our ﬁndings support two broad conceptions of the gen-
eral operation of the saccadic system. First, saccade veloc-
ity is increased, and saccade dysmetria decreased, by visual
target presence, and velocity is further enhanced if the sac-
cade is made to a suddenly appearing target. There is also a
slight velocity enhancement for saccades made in response
to the sudden appearance of visual object, but which are
not actually made to that object. Second, saccade latencies
are reduced if they are elicited by the sudden appearance of
target and are made to that target, increased if the saccadic
system must ﬁrst suppress a reﬂexive movement to a sud-
denly appearing stimulus, and aﬀected little by the presence
of a target in and of itself.
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